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l．1NTRODUCT10NandPREV10USAPPROACHES  
InformationisakeyfactorintheworldtodayGiventhewiderange  
Ofstatisticalinformationavailabletopeoplethroughavarietyofmeans，  
thevisualrepresentationofinformationisbecomlnglnCreaSlngly  
important．7bthisend，Wallgrenetal．（1996）said，“Societyhasbecome  
moreandmoredependentonstatisticsandothernumericalinformation．  
However，allthisnumericalinformationismeanlnglessifitcannotbe  
PreSentedinaproperandeasilyaccessiblewayChartsandmapsare  
effectiveaidstothosewhoneedtoillustratenumericaldata．”  
InadditiontoperformlngSOundstatisticalanalysis，Creatingdiagrams  
andothervisualaidstoassistthereaderincomprehendingsuch  
analysisiscriticallyimportant．Fisher（1990）said，“Thepreliminary  
examinationofdataisfacilitatedbytheuseofdiagrams．Diagrams  
PrOVenOthing，butbringoutstandingfeaturesreadilytotheeye：they  
arethereforenosubstituteforsuchcriticaltestsasmaybeappliedto  
data，butarevaluableissuggestingsuchtests，andinexplaining  
顎 COnClusionsfoundeduponthem．”   
Manyresearchershaveproposedmethodsandtechniquesofvisualizing  
statisticalgraphsconsistlngOfcomplexideascommunicatedwith  
Clarlty，preCision，andefficiency．Suchstudieshavebeenconductedby  
Barton（1999），Basfordandnlkey（1999），Whllgrenetal．（1996），Henry  
（1995），Thfte（1984），Chambersetal．（1983），Everitt（1978），etC・   
Furthermore，aSShownbyPardoeandCook（2002），FisherandSwitzer  
（2001），Hanleyetal．（2001），Leeetal．（2000），Almondetal．（2000），Doane  
andTYacy（2000），CookandWeisberg（1999），Rousseeuwetal．（1999），  
KornandGraubard（1998），Dawsonetal．（1997），MurdochandChow  
（1996），Da11alandFinseth（1977），Rybak（1975），Hettmanspergerand  
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McKean（1974），Anscombe（1973），Hsiao（1972），andWeiss（1970），many  
papershavebeenputforwardnewconceptionsofdisplaylnginformative  
graphsbasedonsurveydata，Statisticaldata，andanalysISreSults・   
AmonginformativemeansofrepresentingsurveyandanalytlCal  
data，reCently，StructuralEquationModeling（SEM），Oftenutilizing  
graphicalpathdiagrams，hasbecorneaWidelyknownandconvenient  
frameworkforstatisticalfactoranalysIS．Thisparticulartechnique  
incorporatesseveraltraditionalmultivariateproceduresasspecial  
cases，SuChasfactoranalysis，regreSSionanalysis，discriminantanalysis，  
andcanonicalcorrelationanalysIS．   
Tbfurtherclarifyandarticulatestatisticalresults，aSWellasto  
Streamlinereportingprocedures，anumberofsoftwareprograrnShave  
beendeveloped．ProgramswithadvancedfunctionssuchasLISREL，  
EQS，andAMOShavealsobecomepopularamongmanyresearchers．  
Quitesimilarintheirrangeoffunctions，reViewsofthesepackagesby  
Miles（1998），Hox（1995），andWaller（1993）statethat，althougheach  
programhasitsownstrengthsandweaknesses，forstandardanalyses，  
anypackagecanbeused．  
Instudiesthatinvestigatetheinterrelationshipbetweenthedependent  
Variableandindependentvariablesofaparticularphenomenon，itis  
assumedthattheanalysISprOCeSSisverysimple．First，aCOrrelation  
analysisisusedtoinvestlgatetherelationshipbetweenvariablesandto  
Chooseslgni負cantvariablesforthefollowlngregreSSion－analysIS；then，  
theinterrelationshiplSClariBedbyregressionanalysIS．   
Theabovetechniquesandprogramsareeffectiveindisplaylng  
analyticalresultsforeachprocess．However，inordertofurtherclarify  
Statisticalinformation，SuChassimultaneouslyvisualizingtheresultsof  
twoormoreanalyses，neWteChniquesarenecessary．Iftheoutputsof  
thecorrelationanalysISandtheregressionanalysiscanbevisualized  
COnCurrentlyinonediagram，readerscanintuitivelycomprehendthe  
OVerallimageofanalyzlngtheinterrelationshipbetweencauseand  
effect，andresearcherscanmakee放cientuseoflimitedreportspaceand   
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PreSentationtime．   
Therefore，thispaperproposesGraphicalAnalysis（GA）asamethod  
OfconcurrentlyvisualizingtheresultsofmorethanoneanalysISWhen  
examiningtheinterrelationshipbetweencauseande鮎ct．Section20f  
thispaperdescribestheGAconceptandprovidestwopracticalexamples  
OfuslngGA．FurtherimplicationsforanalysISareglVenintheconclusion・  
2．ANIDEA：GRAPHICALANALYSIS   
GAisavisualizationtechniquebywhichtheresultsofmorethanone  
analysisarejointlypresentedinonediagram．Thistechniquedoesnot  
requlretheinstallationofspecializedmathematicalmodels，andonlythe  
resultsoftheanalysISareCOnSOlidatedbycombiningstatisticalanalysIS，  
Usingthistechniqueallowsustoeasilyandinclusivelyreadspeci丘c  
Characteristicsfromonediagram．Thisinturnsimplifiesreportingand  
PreSentlngmultipletypesofinformation．   
Forexample，inthecaseofcorrelationandregressionanalyses，  
COrrelationshipandinterrelationshipcanbegraspedandexplained  
Simultaneouslywithonediagram．Therelativespatial－pOSition，  
COrrelationship，andinterrelationship，aSWellasotherrelationships  
amongvariablescanbeanalyzedintuitivelyfromonediagrambyuslng  
theGAtechnique．   
My丘rstexampleillustratesthefollowingdetailedanalyticalprocess．  
Initially，Iarbitrarilyselectedthetask‘Analysisofin月＿uenCefactorsof  
traveldemandonevacuee－tripproductionattheaggregatelevelinan  
earthquake”fromChoe（2002）（seeTablel）．AsshowninrIbblel，the  
analysisvariablesconsistofthreeitems：demandcharacteristics，ZOne  
characteristics，anddamagecharacteristics．Forthepurposesof  
SimplicityJwi1lomitdetailedexplanationsofeachvariable．   
Theaimofthistaskistoinvestigatefactorsthatin貝uencethe  
productionoftraveldemandonevacuee－trips・  
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Tbblel．AnalysISVariables  
Varl孔bles  Labels弘一dia針孔m  
A Dernandcharat：teristics   
a NumberofevacueetnpsPerPerSOnaSdailydemand   
（600toユ400）   
b NumberofevacueetrlpSperPerSOninperiodI   
（dOOto9●00）   
c Numberofevacueetnpsperpersoninperiodl   
（1000to1200）   
d NumberofevacueetripsperpersoninperiodHI   
（i300toヱ4’00j  
B ZonecharacteristlCS   
e. Population density 
fNumberoraveragefhJn11ymembers   
g Proponionorin臨nts   
hAveragedi5t餌ICebetweenhouse  
C Dam喝eCbaracter血ics  
iRateorco11叩Sedal＝）uildings   
j Rateofcollapseddetachedhouses   
k Rateofcollapsedap8rtmentbuildings  
IRateofpar［i811ydestroyedaubuildings   
m RateofpaJlia）lydestroyeddetaehed－houses   
n R・8絶OrP8血”yde5trO）・edapa托membu‖djng5   
0．Rateorfirelossto且11buildir唱S   
p Raleo川reloss10detached・houses   
q R且teOr触losstoapartmentbuildimgs  
Dependent  
variables  
Dailydemand   
DemandI  
Demand【l  
DemandIII  
pop de11Slty  
Familymembers  
Prop orlれぬnts  
Dist house  
R且tebl座（c）  
R且tehou （C） 
R且 eapt（C）  
R且tebld主；（d）  
Ralehouse（d）  
R飢eaP＝d）  
Ratebld針川  
RatellOuSe（n  
R且teaP【（I）  
Independent  
variables  
Source：Choe（2002）．   
Atthispolnt，Iconductedasimpleanalyticalprocessconsistingof  
twosteps（correlationanalysisandregressionanalysis）soastomake  
theresuユtsmoreunderstandable．  
Inthiscase，analysesgenerallyproducetworesults，namelycorrelation  
COefacientsandregressioncoe蕗cients，howeverregressioncoefacients  
COnSistoffourdependentvariables：Dailydemand，DernandI，Demand  
II，andDemandIIl．Tables2and3illustratematricesofcorrelation  
COe拭cientsandsummarizedregressioncoefBcients，reSpeCtively．While  
thesemethodsandtechniquesareveryusefulforvisualizingtheresults  
Ofsuchanalyses，theseareunabletoprojecttheresultsoftwoormore  
analysesontoonediagram．Furthermore，readersmay丘nditdi放cultto  
COmPrehendthecorrelationshipandinterrelationshipofthisstatistical  
informationandtocomparetherelationshipsofthefourdependent  
variables．   
Here，IsuggestGAcanbeutilizedasatechniquetoprojecttheresults   
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7bble2．CorrelationMatrixfor17Variables  
????????????? （?????? ???? ????? ）???????? ）????? （?????? ???? ????????? ??????【???????? 【 ????
Dail）′  
deInand  
Demand   
I  
Demand   
II  
Demand   
III   
Pol: 
dens呵・  
Fal雨1y  
members  
prop of  
i11払n【S   
DIS   
h（】uSe   
Rale  
llnUSe（CI   
R上It亡  
llOLISe（dl   
Rate  
h（11】Se（fl   
Rale  
allt（り   
R且【e  
apt（d）   
Ra【e  
ap‖n   
R且Ie  
bldg（e）   
Rate  
bld射朝   
Rate  
hld射的  
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SotlrCe：Choe（2002）．Note：Sign捕cantlevelisomitted・   
Tbble3．RegressionAnalysISOf甘avelDemand  
Independent  Dependen【Variables  
Varlal－1es Dailydemand DemandI  em8ndrT  DemandII一  
0射  
－037■  
－0ユ8●  
04q  
Ftlmily mulnbers O3ふ 
Prop orinfもnts   
DIStl10USe  
R且Iebldg（C）   
R且teapt（C）  
R丑tebldg（dJ  
R加ehouse㈹  
???????
????
【????【?
???
ノ  07（）  053  032  05島  
Source：Choe（2002）．Note：l．ThelevelofsignincanceisP＜0．01，but  
yet，．＋nindicates slgni椚cance to be at thelevelof P＜0・05・2・  
Regression analyses used in the source have been formatted by 
equations without constants. 
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ontoonediagramthat，inturn，Willgreatlybene翫researchersin  
readingmultipleresults・ItshouldbeemphasizedthatGA，Shownin  
Figurel，isdifEerent血・OmthegeneralprocessforMultivariateStatistical  
Analysis（MSA）．Forexample，uSuallythecorrelationanalysisis  
displayedbeforetheregressionanalysIS；neVertheless，aSShownin  
Fi糾rel，theyhavebeenplottedtogetheronsameprocessline・GAlaSa  
graphicaltechniquefordisplaylngreSults，makesthemeasiertoread  
andintuitivelyunderstand．Ytt，priortoconstructingtheGAillustration，  
weneedtopreparetheresultsofcorrelationanalysISandregression  
analysis．Theprocessisbasicallyasfollows‥  
1．Constructacorrelationmatrixび切suchasTbble2bycorrelation  
analysisandregressioncoefacients（β）byregressionanalyses・Itis  
necessarytorecalculateMbecausethematrixwilleventuallybeused  
⊂蚕⊃  
Figurel．TheGraphicalAnalysis（GA）Process  
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forinputtingtoMultiDimensionalScaling（MDS）．  
TherecalculatedcorrelationmatrixM・is  
▲1んニ．1－1・エ  （1）   
WhereMisthesquarematrixofcorrelationcoefLcientandAisa  
matrixofones．Here，AminusMisusedtosetthevaluelofcorrelation  
forMDStoO．  
2．Obtaincoordinates（S刀，）ofeachvariablebyMDSusingthe  
recalculatedmatrix．駐ソ，Whichwillinturnde負nerelativespaceasa  
COnCeptualdistanceamongvariables．   
Theconceptualdistanceshowsnotionalpositionrelationsbythe  
COrrelationcoe托cient．Generally，nOtionalpositionrelationsaretwo  
POlntSthatareapproachedifsimilarltyeXistsbetweenevents．Ifthey  
aredissimilar，theyaretwopolntSthataredistantlyseparatedand  
expressedbytheEucliddistance．  
3．Drawadiagramusing＄γandβ．Iplotthespacelocationofthe  
Variablesby駐ソaSShowninFigure2．1bdistinguishbetweendependent  
andindependentvariables，dependentvariablesareillustratedasan  
ellipsewithascreentonebackground．Whenthedistancebetween  
variablesisclose，thecorrelationshipbetweenthevariablesishighand  
POSitive．Simi1arly，thecorrelationshipISlowornegativewhenthe  
distancebetweenvariablesisgreat．Moreover，tOClarifycorrelationship  
betweendependentandindependentvariables，independentvariables  
withnegativecorrelationshiparedepictedase11ipseswithabrokenline．  
Next，Iindicatetheinterrelationshipbyconnectingthelinesbetween  
thedependentvariablesandeachindependentvariablethathasa  
signiacantregressioncoef鮎ientβcalculatedfromregressionanalysis  
tobeatthelevelofP＜0．0lorO．05．SignificancelevelsofP＜0．01and  
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Figure2．Relationshipof’n－aVelDemandonEvacuee－7Yip  
ProductionwithFactorsbyGraphicalAnalysIS   
O．05aresymbolizedassuchbysolidlinesandbrokenlines，reSpeCtively．  
Thein乱1enCemagnitudeisdisplayedbylinethickness（thethickerthe  
line，thegreaterthein貝uence），aSShowninFigure2，andindicatesthe  
influenceoftheindependentvariableonthedependentvariable．   
Finally；allregressionanalysISStatisticsarespecはedbywritingthe  
ValueofregressioncoefBcientsbesideconnectedlinestoeasilyreadthe  
thicknessofsuchlines，thecoefficientofdetermination〆，andthelegend．   
TbfurtherillustratetheGAprocess，Iamincludingafurtherexample  
usingdatafromT盲ujinaka（1999）．Thisdatawascollectedtorevealthe  
StruCtureOfcivilsocietyinagivennationorregion，howitisrelatedto  
thegovernment，themarket，andthepoliticalsystem，andhowitis  
COnStrainedbythegovernment，themarket，andthepoliticaisystem．  
Detailedinformationregardingthisresearchcanbeobtained血・OmCSC  
（2008）．   
ThissecondexampleofGAisananalysisforgraspingcorrelationship  
andinterrelationshipbetweenfactorsofself－aSSeSSmentin員uence  
regardingpolicyissuesinareasinwhichcivil－SOCietyinterestgroups   
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COnductactivities，andcomparingtherelationshipstructureofJapan  
andKorea．ThoughthecontentsofdataareindicatedinThble4，Ihave  
Omittedthedetailedexplanationsofthestatisticsofthe丘rstexample  
andonlydemonstratethefinalresultbyGA（SeeFigure3）．   
Thenumberofvariables（30）setforthisexampleishigherthanthat  
usedinthepreviousexarnPle．Despltethis，theprocessofinvestigating  
COrrelationshipbetweenvariablesandinterrelationshipbetweenthe  
7bble4．AnalysISVariables  
Fea［ure  Varlables  Lat）elsfbrdiagram  
Dependen†  
variabIe  
InnuellCe  
Org r叩e   
tnflarea   
P（〕laim  
ld8n・Or皇；  
ldeo mem   
Est year  
Na亡rel   
Lく〕C rel  
PoIcoord   
Polit rel  
Govt cont  
Rul cont 
Opp cont  
hイas5media  
Budgetlr唱   
Electing  
Lobbyi一喝   
Particlpation   
Poldet  
Pol Imp 
PoIcclノrev  
Num Ind 
Num o唱   
Num afr   
Num 鮎11  
Num p訂t   
O柑inc   
Nat sub   
Loc sub  
Alnnuence（Selflreported）  
lndependent B Olganization characteristics 
Variables aor糾nizati8ntyPe  
bIn仙】enCearea  
c Politicalailm  
d rdeolo主星y（0唱孔niヱation）  
eldeoto鉛√（mernbers）  
r Establishmentyear  
C ActorrelationshlP  
g National－levelpolitic81relatinnships  
h Local－1evelpoliticalrelationships  
iP山icycoordillation  
iPoliticianrelationships  
k Contactwlthgovernmentagencies  
IContactwithmlir唱Party（parties）  
m Con【al：tWithoppositlOnParty（Parties）
n Provisionoftinfbrmation［OrnaSSmedia  
D Ac【ivities  
O Budg飢Ⅰ喝  
P Elec【ionィe】ated  
q Lobbying（generaL）  
EInfluenceonspec浦cevents  
r PanjcIPa【ioI－  
S PollCyde【ermination  
F Resultsof’suL：CeSSRJIorintluenceonpoLicydecisions  
t PollCylmplementation  
U Policycancellationjrevision  
G O唱anlZationresources  
v Nurnber（）findividualmembers  
W NumberoFo柑肌iz且【ionalmembers  
x Numberofafnliatedmembers  
y Numberofa11トtimecmpIoyees  
Z Numberorpa爪ぺimeemployees  
姐0咽肌izationincome  
ab Subsldy什omthenationalgovernment  
ac Subsidy什omthelocalgovernment  
Source：¶両inaka（1999）．  
103   
GraphicalAllallrSis   
dependentvariable（suchasself－aSSeSSmentin頁uence）andindependent  
Variablesisthesame．   
Giventhehighnumberofvariables，theinformationthatwouldhave  
tobecontainedintablessuchasthoseusedinthefirstexample（1もbles  
2and3）isfarmorecomplicatedanddifficultforthereadertointuitively  
COmprehend．Furthermoreitisnoteasytocompareconcurrently  
COrrelationshipandinterrelationshipintwoormorecases，SuChasthe  
CrOSS－nationalcomparisonofJapanandKoreainthisexample・  
Initially，Iperformedaninterrelationshipanalysisbymultiple  
analysisofvariance（MANOVA）torevealthemainandinteraction  
e蝕ctsofcategoricalvariablesonmultipledependentintervalvariables．  
Atthispoint，tOe鮎cttheGAprocessasshowrinFigurel，Isubstituted  
RegressionAnalysisandRegressionCoefacientsforMANOVAand  
CovariateCoe臨cients，reSpeCtivelylTheprocess，Whichisbasical1ythe  
SameaSthepreviousexample，isasfollows：  
1．Constructacorrelationmatrix㈲fortheappropriatenumberof  
Variables（inthiscase，30）bycorrelationanalysis，andcovariate  
COe珪cients㈹byMANm．ItisnecessarytorecalculateMasshown  
inequation（1）．  
2．Obtaincoordinates（S即）ofeachvariablebyMDSusingthe  
recalculatedmatrix．  
3．Drawadiagramusing範γandβ．Iplotthespatiallocationofthe  
Varial）1esbyS砂aSShowninFigure3．Tbdistinguishbetweendependent  
andindependentvariables，dependentvariableisillustratedasanellipse  
Withascreentonebackground．Furthermore，tOClarifycorrelationship  
betweendependentandindependentvariables，independentvariables  
Withnegativecorrelationshiparedepictedasellipseswithbrokenlines．  
ThevariablessymbolizedasellipsesareatP＜0．05．   
Theprocesshereissimilartothe丘rstthreestepsdescribedinthe  
丘rstexampleabove．Theprocedureisalmostidenticalexceptthatit   
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tdeo nleItl  
（a）Japan  
Nlllllilld  
Num．pa皿  
Num．fも11   
0rg．1【lC．  
Nat．sub．  
Loc，Sub．  
（） （）．（）5  
（b）Korea  
（1コn≦  
（）．15  （LlO  
（SLandLLrdiTCdparlialcovariaLeCOCmCient）   
Note1 7・：・CoemcleIILOrderemllnaL10n   
＋ Sl卯inc飢【lev亡けI＜（川5   
く：：ニ）DcpelldelltVariablealP＜005  ⊂二⊃‥lndepe11dcntvariablewithpositivecorrelationatP＜OO5  
tlldepelldcnlvanablewlthrlegatlVeC8rrelaliotlatP＜O．05  
Figure3．RelationshipofSelfAssessmentInnuenceinPolicyIssuewith  
FactorsbyGraphicalAnalysis  
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allowsforvisualizationofcovariatecoefficientsinsteadofregression  
coefBcients．Atthispolnt，thelinesindicatingtheinterrelationship  
betweenthedependentvariableandeachindependentvariableare  
connected，andthevalueofcovariatecoe珪cients，thecoefBcientof  
determinationr2arewritteninthelegend．Here，theslgni丘cancelevelis  
settoP＜0．05to丘ⅩaSigniBcantcovariatecoefficientjヲforconnecting  
theline，Creatingthesolidline．The丘naldiagramclearlyshowsthe  
relationshipamongvariablesandcanintuitivelycomparethetwocases．  
Inthismanner，thisexampleprovesthe月．exibleutilizationandthe  
expansivenessofGAincomparisonanalysIS．   
Theaboveprocessesinvolvedincreatingthediagramarenot負Ⅹed  
butadaptableinresponsetothedesiredanalysis．Certainlydifferent  
COnteXtSandcasesrequlremOdi負cationsinthecontentofthediagrams  
thatinvestigateinterrelationshipsamongvariables，SuChasregression  
analyseswithconstants，COrrelationanalyseswithpositiveandnegative  
COrrelationshipsbetweendependentandindependentval－iables，and  
StruCturemOdelsincludingMANCmanddiscriminantanalysIS，  
3．CONCLUSEON  
Inthispaper，IhaveproposedGAasavisualizationtechniqueto  
allowustoeasilyandinclusivelyreadmultiplestatisticalinformation  
fromonediagram．GAdoesnotentai1amathematicalmodel，butrather，  
isinherentlycomposedofpresentmultivariatestatisticalanalysIS．   
Duetothesimplicityand8exibilityoftheGAprocessfromthe  
ViewpolntOfutilization，GAhasanumberofadvantagesoverother  
Visualizationmethods．Whentherearemultiplelevelsofinformation  
（suchascorrelationcoe蕗cients，POSitiveandnegativerelationship，  
regressionorcovariatecoefficients，Slgni負cantlevel，andother  
Statistics）toexplain，GAcanbeusedasafeaturebywhichonly  
pertinentinformationistransmitted，allowlngfordataanalysistobe  
presentedinacomprehensible，Simple，andefBcientmanner．  
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TheseexampleshaveclearlyshowntheutilityofGAforexhibiting  
COrrelationshipandinterrelationshipbetweenindependentanddependent  
variables．  
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